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ABSTRACT: 

PURPOSE: To eliminate a leak between electrode pads by removing a heat- 
resistant polymer film between the electrode pads so that the pads be 
separated, on the occasion of formation of the heat-resistant polymer film. 

CONSTITUTION: A PSG film as a cover insulation film 4 is applied on an Si 
substrate 1 and an opening 5 is formed only on an electrode pad 3 of A, for 
forming a metal bump . A polyimide film to be used as a heat-resistant polymer 
film 6 is applied, subjected to a drying process and then patterned, so as to 
provided the opening 5 on the electrode pad 3, while the polyimide film as the 
heat-resistant polymer film 6 is removed except for that around the electrode 
p_ad 3 by an alkaline water solution. Titanium and palladium thereon are 
evaporated sequentially on the whole surface of the Si substrate 1 by a 
sputtering method, so as to form a barrier metal layer 7. With a resist film 9 
used as a mask, a bump 8 of gold is formed 25 urn thick on the electrode pad 3 
with the barrier metal layer 7 interlaid. After the resist film 9 is removed. 
the barrier metal layer 7 is removed by etching with the gold bump 8 used as 
the mask. 
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is applied on an Si substrate 1 and an opening 5 is 
formed only on an electrode pad 3 of A, for forming a 
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resistant polymer film 6 is applied, subjected to a drying 
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Specification 

1. Title 

Method for Manufacturing a Semiconductor Device 

2 . Claims 

1) A method for manufacturing a semiconductor device 
characterized by comprising the steps of: 

forming an electrode pad (3) on a semiconductor substrate 
(1) coated with a field insulation film (2), 

coating a cover insulation film (4) over the entire surface 
of semiconductor substrate (1) and forming an opening (5) over 
electrode pad (3), 

coating a heat-resistant polymer film (6) over the entire 
surface of semiconductor substrate (1) and, simultaneously with 
providing an opening over electrode pad (3), removing heat- 
resistant polymer film (6) everywhere but along a perimeter 
containing electrode pad (3), 

forming a barrier metal layer (7) over the entire surface 
of semiconductor substrate (1), 

forming a metal bump (8) on semiconductor substrate (1) 
using a resist film (9) as mask, and 



1 Numbers in the margin indicate pagination in the foreign text. 



removing barrier metal layer (7) using metal bump (8) as 

mask. 

2) A method for manufacturing a semiconductor device 
characterized by comprising the steps of: 

forming an electrode pad (3) on a semiconductor substrate 
(1) coated with a field insulation film (2), 

coating a cover insulation film (4) over the entire surface 
of semiconductor substrate (1) and forming an opening (5) over 
electrode pad (3) , 

coating a heat-resistant polymer film (6) over the entire 
surface of semiconductor substrate (1) and forming an opening 
over electrode pad (3), 

forming a barrier metal layer (7) over the entire surface 
of semiconductor substrate (1), 

forming a metal bump (8) on semiconductor substrate (1) 
using a resist film (9) as mask, and 

removing barrier metal layer (7) and heat-resistant polymer 
film (6) using metal bump (8) as mask. 
3. Detailed Description of the Invention 
(Summary) 

The present invention relates to a method for manufacturing 
the bump electrodes of semiconductor devices. 

12 



It has as its object to provide a method of preventing 
damage due to leaks caused by transformation of the heat- 
resistant polymer film between electrode pads. 

The present invention comprises the steps of: forming an 
electrode pad on a semiconductor substrate coated with a field 
insulation film; coating a cover insulation film over the entire 
surface of the semiconductor substrate and forming an opening 
over the electrode pad; coating a heat-resistant polymer film 
over the entire surface of the semiconductor substrate and, 
simultaneously with providing an opening over the electrode pad, 
removing heat-resistant polymer film everywhere but along a 
perimeter containing the electrode pad; forming a barrier metal 
layer over the entire surface of the semiconductor substrate; 
forming a metal bump on the semiconductor substrate using a 
resist film as mask; and removing the barrier metal layer using 
the metal bump as a mask. Alternatively, the present invention 
comprises the steps of: forming an electrode pad on a 
semiconductor substrate coated with a field insulation film; 
coating a cover insulation film over the entire surface of the 
semiconductor substrate and forming an opening over the 
electrode pad; coating a heat-resistant polymer film over the 
entire surface of the semiconductor substrate and forming an 
opening over the electrode pad; forming a barrier metal layer 



over the entire surface of the semiconductor substrate; forming 
a metal bump on the semiconductor substrate using a resist film 
as mask; and removing the barrier metal layer and heat-resistant 
polymer film using the metal bump as a mask. 
(Industrial Field of Application) 

The present invention relates to methods for manufacturing 
the pad electrodes of semiconductor devices. 

With the development of high-speed information processing 
in recent years, there has been a need for the development of 
highly miniaturized semiconductor devices and high-speed 
integrated circuit elements, and a great need for developing 
techniques of forming the precision fine wiring use to 
constitute such elements. 
(Prior Art) 

Fig. 4 is a descriptive drawing of a conventional example. 

In the figure, 10 denotes a semiconductor substrate, 11 
denotes a field insulation film, 12 denotes an electrode pad, 13 
denotes a cover insulation film, 14 denotes a polyimide film, 15 
denotes a barrier metal layer, and 16 denotes a metal bump. 

The development of the use of metal bump electrodes is an 
important key to the forming of multiple, minute wiring on the 
package of a highly integrated circuit. In particular, lit is 
important to form smaller, more precise, and stable metal bumps. 



As indicated in Fig, 4, in a conventional bump electrode, a 
polyimide film 14 is formed beneath the plating layer of metal 
bump 16 to prevent the formation of leaks between bump electrode 
wiring due to damage to cover insulation film 13 of the element 
caused by shock due to pressure and the like during bonding. 
(Problems to Be Solved by the Invention) 

However, since heat-resistant polymers such as the current 
polyimide films are coated over the entire surface of the 
semiconductor chip, the electrode pads are linked together by 
polyimide film. Thus, when heat during assembly, installation, 
or the like compromises the insulating property of the polyimide 
film, leaks occur between electrode pads. 

The present invention has for its object to provide methods 
for preventing damage due to such leaks. 
(Means of Solving the Problem) 

Fig. 1 is a descriptive drawing showing the principle of 
the present invention. 

In the figure, 1 denotes a semiconductor substrate, 2 
denotes a field insulation film, 3 denotes an electrode pad, 4 
denotes a cover insulation film, 6 denotes a heat-resistant 
polymer film, 7 denotes a barrier metal layer, and 8 denotes a 
metal bump. 
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In the present invention, to stop the above-stated problem 
of leaks between electrode pads, when forming the heat-resistant 
polymer film, the heat-resistant polymer film is removed from 
between the electrode pads. 

That is, the present invention comprises the steps of: 
first forming an electrode pad 3 on a semiconductor 
substrate 1 coated with a field insulation film 2 as shown in 
Fig. 2(a), 

coating a cover insulation film 4 over the entire surface 
of semiconductor substrate 1 and forming an opening 5 over 
electrode pad 3 as shown in Fig. 2(b), 

/3 

coating a heat-resistant polymer film 6 over the entire 
surface of semiconductor substrate 1 and, simultaneously with 
providing an opening over electrode pad 3, removing heat- 
resistant polymer film 6 everywhere but along a perimeter 
containing electrode pad 3 as shown in Fig. 2(c), 

forming a barrier metal layer 7 over the entire surface of 
semiconductor substrate 1 as shown in Fig. 2(d), 

forming a metal bump 8 on semiconductor substrate 1 using a 
resist film 9 as mask as shown in Fig. 2(e), and 

removing barrier metal layer 7 using metal bump 8 as mask 
as shown in Fig. 2(f). 



Alternatively, the present invention comprises the steps 

of: 

forming an electrode pad 3 on a semiconductor substrate 1 
coated with a field insulation film 2 as shown in Fig. 3(a), 

coating a cover insulation film 4 over the entire surface 
of semiconductor substrate 1 and forming an opening 5 over 
electrode pad 3 as shown in Fig. 2(b) [sic: 3(b)], 

coating a heat-resistant polymer film 6 over the entire 
surface of semiconductor substrate 1 and forming an opening over 
electrode pad 3 as shown in Fig. 2(c) [sic: 3(c)], 

forming a barrier metal layer 7 over the entire surface of 
semiconductor substrate 1 as shown in Fig. 2(d) [sic: 3(d)], 

forming a metal bump 8 on semiconductor substrate 1 using a 
resist film 9 as mask as shown in Fig. 2(e) [sic: 3(e)], and 

removing barrier metal layer 7 and heat-resistant polymer 
film 6 using metal bump 8 as mask as shown in Fig. 2(f) [sic: 

3(f) ] . 
(Operation) 

Removing the heat-resistant polymer film between electrode 
pads during the formation of the heat-resistant polymer film in 
the present invention eliminates leaks between electrode pads. 
(Embodiments) 
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Fig. 2 provides typical sectional views of the step 
sequence in a first embodiment of the present invention, and 
Fig. 3 provides typical sectional views of the step sequence in 
a second embodiment of the present invention. 

In the figures, 1 denotes a semiconductor substrate, 2 
denotes a field insulation film, 3 denotes an electrode pad, 4 
denotes a cover insulation film, 5 denotes an opening, 6 denotes 
a heat-resistant polymer film, 7 denotes a barrier metal layer, 
8 denotes a metal bump, and 9 denotes a resist film. 

Embodiment 1 of the present invention will be described 
based on Fig. 2 . 

As shown in Fig. 2(a), employing a silicon (Si) substrate 
as semiconductor substrate 1, a thermal oxidation film of Si is 
formed to a thickness of 6,000 A. 

Thereover, aluminum is deposited by sputtering to a 
thickness of 1 \m and patterned to form electrode pads 3. 

As shown in Fig. 2(b), a cover insulation film 4 in the 
form of a PSG film is then applied to a thickness of 1 ym on Si 
substrate 1 by CVD, and holes 5 are formed only above aluminum 
electrode pads 3 for use in forming metal bumps. 

As shown in Fig. 2(c), a polyimide film serving as the 
heat-resistant polymer film is then formed to a thickness of 3 
lam and dried. Subsequently, patterning is conducted, holes are 



fashioned above electrode pads 3, and except for the area around 
electrode pads 3, the polyimide film in the form of heat- 
resistant polymer film 6 is removed with an alkali aqueous 
solution. 

As shown in Fig. 2(d), sputtering is used to successively 
deposit a barrier metal layer 7 in the form of 3,000 A of 
titanium (Ti) followed by 3,000 A of palladium (Pd) . 

As shown in Fig. 2(e), plating is used to form gold (Au) 
bumps 8 to a thickness of 25 \m through barrier metal layer 7 on 
electrode pads 3 using resist film 9 as mask. 

As shown in Fig. 2(f), after removing resist film 9, gold 
bumps 8 are employed as masks to etch away barrier metal layer 
7. 

In Embodiment 2, as indicated in Fig. 3, metal bumps 8 are 
formed without initially etching a pattern into the polyimide 
film serving as heat-resistant polymer film 6. Subsequently, 
employing metal bumps 8 as mask, barrier metal layer 7 is 
removed by wet etching. Then, using metal bumps 8 as mask, the 
polyimide film serving as heat-resistant polymer film 6 is 
removed by ashing with oxygen plasma. 

LA 

In the above embodiments of the present invention, the 
heat-resistant polymer film is described as being a polyimide 



film. However, this may be replaced with other heat-resistant 
polymer films such as polyamidoimides and aromatic polymers. 
(Effect of the Invention) 

In the present invention as set forth above, heat-resistant 
polymer film between electrode pads is removed during the 
formation of the heat-resistant polymer film, thereby 
eliminating leaks between electrode pads and greatly 
contributing to enhanced reliability. 
4 . Brief Description of the Drawings 

Fig. 1 is a descriptive drawing of the principle of the 
present invention. 

Fig. 2 shows typical sectional views of the step sequence 
of Embodiment 1. 

Fig. 3 shows typical sectional views of the step sequence 
of Embodiment 2. 

Fig. 4 is a descriptive drawing of a conventional example. 

In the figures: 

1: Semiconductor substrate 2: Field insulation film 
3: Electrode pad 4: Cover insulation film 

5: Opening 6: Heat-resistant polymer film 

7: Barrier metal layer 8: Metal bump 

9: Resist film. 
Fig. 1 



A descriptive drawing of the principle of the present invention 

8 : Metal bump 

7: Barrier metal layer 

6: Heat-resistant polymer film 

3: Electrode pad 

4: Cover insulation film 

2: Field insulation film 

1: Semiconductor substrate 

Fig. 4 

A descriptive drawing of a conventional example 

16: Metal bump 

15: Barrier metal layer 

14: Polyimide film 

12: Electrode pad 

13: Cover insulation film 

11: Field insulation film 

10: Semiconductor substrate 

Fig. 2. 

Typical sectional views of the step sequence of Embodiment 1 of 
the present invention 
(a) 3. Electrode pad 

2. Field insulation film 



1. Semiconductor substrate 

(b) 5. Opening 

4. Cover insulation film 

(c) 6. Heat-resistant polymer film 

(d) 7. Barrier metal layer 

(e) 8 Metal bump 
9. Resist film 

Fig, 3. 

Typical sectional views of the step sequence of Embodiment 2 of 
the present invention 

(a) 3. Electrode pad 

2. Field insulation film 
1. Semiconductor substrate 

(b) 4. Cover insulation film 

(c) 6. Heat-resistant polymer film 

(d) 7. Barrier metal layer 

(e) 8. Metal bump 
9. Resist film 
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